AN examination of the effects of several chemically unrelated carcinogens upon the sulphydryl (-SH) levels of various susceptible and non-susceptible tissues led to the question of an increase in -SH levels being an essential feature of tumour induction (Calcutt, Doxey and Coates, 1960 At intervals over a period of ten weeks the control animals were killed and the -SH levels of liver, kidney and lung were measured. Corresponding measurements were also made in respect of the experimental animals, these being killed singly daily for four days and then at weekly intervals over the period of ten weeks.
The measurement of tissue -SH
The technique employed was the same as in the earlier work. Full detaiLs are given by Calcutt and Doxey (1959) and Calcutt et al. (1960) .
EXPERIMENTAL o-Aminoazotoluene
This is a powerful hepatocarcinogen in mice and will also induce lung tumours, but as far as the data recorded by Hartwell (1951) go, it does not appear to cause kidney tumours. A batch of Strong A male mice were each given a single subcutaneous injection of 8 mg. of o-aminoazotoluene in 0-25 ml. of olive oil, this being a dose and route found by Andervont (1947) to be effective in eliciting both liver and lung tumours. Fifteen mice from the same original lot were taken as controls.
At intervals over a period of ten weeks the control animals were killed and the -SH levels of liver, kidney and lung were measured. Corresponding measurements were also made in respect of the experimental animals, these being killed singly daily for four days and then at weekly intervals over the period of ten weeks.
The results for the liver are shown in Fig. 1 . Since no pattern was discernible in the figures for the control animals these have been plotted as a mean and standard deviation. It will be seen that the -SH level of the experimental livers rose above the control figure 48 hours after commencement of the experiment and then remained persistently high. In this and all subsequent experiments -SH levels are expressed as ,sg. of -SH per 100 mg. wet weight of tissue.
The findings for lung tissue are shown in Fig. 2 without the dyestuff, acted as controls. Liver and kidney -SR levels were estimated on both control and experimental animals over a period of twelve weeks.
The findings in respect of the liver are show-n in Fig. 7 . It is immediately apparent that there is no distinction between control and experimental levels.
The results for the kidneys are shown in Fig. 8 . The -SH level of the experimental kidneys is persistently a little higher than that of the controls.
DISCUSSION
The experimental results reported above fall into line with those previously recorded by Calcutt et al. (1960) . In the earlier work the most obvious effect was obtained with the powerful carcinogen: 3,4-benzopyrene, whilst weaker agents showed lesser effects. The present work has shown the powerful agent, o-aminoazotoluene, to have a very well defined effect on the liver of mice and a lesser effect upon the lung tissue of the same animals. Under the conditions of dosage and route used o-aminoazotoluene would be expected to produce a high vield in the lungs. Carbon tetrachloride has been found to cause an elevation of liver -SH levels in mice. Since this agent also causes fatty infiltration of the liver and all results have been calculated on the basis of wet weight of tissue the experimental results in this series will be effected by the presence of fat in the tissue. In fact, if allowance were made for this fat and the results were calculated as against weight of active liver tissue, the experimental figures would be higher than those recorded.
A very interesting set of figures in the present series is that obtained with p-dimethylaminoazobenzene in animals on a high quality diet. There was no distinction between the experimental and control groups, whereas earlier it was found that in animals on a poor (tumour promoting) diet there was a period when the livers of the experimental animals showed a higher -SH level than did the control livers. This suggests that with this agent any tissue -SH elevation is a consequeince of dietary factors and is not due to the agent per se. Some evidence for this resides in the finding by Calcutt, Doxey and Coates (1961) On the basis of the above data it is now possible to offer a tentative hypothesis in respect of the in-duction of tumours. It is already well recognised that tumour induction is a multi-stage process. It is now suggested that, apart from the agent causing initial cell damage, a necessary requirement for a tumour to appear is the elevation of the tissue -SH level above the normal level of the particular tissue. This elevation could arise directly as the result of application of the carcinogen as with 3,4-benzopyrene or o-aminoazotoluene or indirectly, as with p-dimethylaminoazobenzene where dietary restriction is necessarv for tumour induction.
This hypothesis also offers a reasonable explanation for many findings in respect of anticarcinogens. Crabtree (1944 Crabtree ( , 1945 Crabtree ( , 1946 found that mercapturate forming agents and various other compounds known to inhibit -SH groups acted as anticarcinogens in respect of the induction of skin tumours by polycyclic hydrocarbons. This activity was believed to reside in the fact that combination of the hydrocarbon with tissue -SH groups was an essential for tumour formation and that prevention of this reduced the chance of a tumour occurring. There has, however, never been any substantiation of the idea of hydrocarbon/-SH binding. It can now be suggested that these anticarcinogens are active in that they inhibit an essential rise in tissue -SH levels.
So far the evidence in favour of the above views is little more than fragmentary, but at least the hypothesis offers a basis for further experimental work. Investigations of some further aspects of this problem are already in hand and will be reported shortly.
SUMMARY o-Aminoazotoluene has been found to induce a rise in -SH levels in mouse liver and lung but not kidney. Carbon tetrachloride causes an elevation of mouse liver -SH levels but not those of kidney.
1,2 5,6-Dibenzacridine causes a slight rise in mouse skin -SH levels. p-Dimethylaminoazobenzene does not affect mouse liver -SH levels if the animals receive a high quality diet.
On the basis of this work and other evidence in the literature it is suggested that an elevation of tissue --SH levels is an essential prerequisite for tumour formation.
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